foods (Shahidi & Naczk, 2003) . Phenolic acids account for almost one third of the 55 dietary phenols, and there is an increasing awareness and interest in the antioxidant 56 behaviour and potential health benefits associated with these simple phenolic acids. It is 57 their role as dietary antioxidants that have received the most attention in recent literature 58 (Lodovici, Guglielmi, Meoni, & Dolara, 2001) . 59
The term "phenolic acids", in general described phenols that possess one 60 carboxylic acid functional group. The naturally occurring phenolics acids contain two 61 distinguishing constitutive carbon frameworks: the hydroxycinnamic and the 62 hydroxybenzoic structures. Hydroxybenzoic acids are components of complex 63 structures such as hydrolysable tannins (gallotannins and ellagitannins). The 64 hydroxycinnamic acids are more common than hydroxybenzoic acids and mainly 65 include p-coumaric, caffeic, ferulic, and sinapic acids. These acids are rarely found in 66 the free form, except in food that has undergone freezing, sterilization, or fermentation. 67
The bound forms are glycosylated derivatives or esters of quinic acid, shikimic acid, 68 and tartaric acid. Caffeic and quinic acid combine to form chlorogenic acid. Caffeic 69 acid, both free and esterified, is generally the most abundant phenolic acid and represent 70 between 75% and 100% of the total hydroxycinnamic acid content of most fruits. 71
Ferulic acid is the most abundant phenolic acid found in cereal grains (Shahidi & 72 Naczk, 2003) . 73 6 yeast nitrogen base without amino acids (239210, BD), 6.7 g/l; pH adjusted to 5.5. The 123 basal media was modified by the replacement of glucose by galactose (216310, Difco) . 124
This defined medium was used to avoid the presence of phenolic compounds included 125 in non-defined media. For the degradation assays, the sterilized modified basal media 126 was supplemented at 1mM final concentration with the phenolic compound filter 127 sterilized. The L. plantarum inoculated media were incubated at 30 ºC, in darkness, 128 under microaerophilic conditions, without shaking, for 10 days. Long incubation period 129 was used to find the dead-end products of phenolic acid degradation. 
High-Performance Liquid Chromatography-Diode Array Detector-Electrospray 173

Mass Spectrometry (HPLC-DAD/ESI-MS) 174 175
A Hewlett-Packard series 1100 (Palo Alto, CA) chromatographic system 176 equipped with a diode array detector (DAD) and a quadrupole mass spectrometer 177 (Hewlett-Packard series 1100 MSD) with an electrospray interface was used. Separation 178 was performed on a reversed-phase Waters Nova-Pak C18 column at room temperature. 179
The elution programme described above was applied. DAD detection was performed 180 from 220 to 380 nm, with 0.7 ml/min. The ESI parameters were as follows: drying gas 181 Figure 1A showed the HPLC chromatograms obtained with p-coumaric 218 acid. As compared to the control, we could observe that in cell-free extracts, a 219 proportion of p-coumaric acid was decarboxylated, and vinyl phenol was obtained (Fig.  220   1A, 3) . However, supernatants obtained from cell cultures showed the presence of 221 vinyl-and ethyl phenol, resulting from the decarboxylation, and decarboxylation plus 222 reduction of p-coumaric acid (Fig. 1A, 2) . Previously, it was reported that in L. 223 plantarum LPNC8 strain no p-coumaric acid degradation was detected in the uninduced 224 cell extracts (Barthelmebs, Diviès, & Cavin, 2000) . However, no information was 225 provided about the reaction time used. 226 A similar situation was observed in the caffeic acid sample (Fig. 1B) . Cell-227 extracts were able to fully decarboxylate the caffeic acid present in the reaction (Fig.  228   1B, 3) , whereas in the supernatants from the cultures, the products of the 229 decarboxylation (4-vinyl catechol) as well as the decarboxylation plus reduction (4-230 ethyl catechol) of caffeic acid were identified (Fig. 1B, 2 From these results we could conclude that uninduced cell-free extracts contained 235 decarboxylases able to decarboxylate p-coumaric and caffeic acids. In fact, a p-236 coumaric acid decarboxylase (PadA), able to metabolize p-coumaric and caffeic acid, 237 was purified, and its corresponding gene was cloned and heterologously expressed 238 (Cavin et al., 1997a) . However, culture induction is needed to synthesize the reductase 239 involved in the conversion of the vinyl derivatives to the corresponding ethyl 240 derivatives. It has been previously suggested the presence in L. plantarum of a phenolic 241 acid reductase activity (named PAR) induced by p-coumaric and ferulic acid in the 242 presence of glucose (Barthelmebs et al., 2000) . 243
Unlike p-coumaric and caffeic acid, ferulic and m-coumaric acids were found to 244 be metabolized only by L. plantarum cell cultures (Fig. 2A) ; however, in both acids, no 245 degradation was observed by cell-free extracts (data not shown). These results indicated 246 that the enzymes involved in their metabolism need to be synthesized after their 247 induction by the presence of the corresponding phenolic acid. 248
As showed in Fig. 2A, 1 ferulic acid was decarboxylated to vinyl guaiacol, as 249 determined by comparing its retention time and spectral data with the commercial 250 standard (Fig. 2B, 1) . Controversial results were obtained in relation to the 251 decarboxylation of ferulic acid. Cavin et al. (1997b) reported that only p-coumaric and 252 caffeic acids were metabolised by the L. plantarum purified p-coumaric acid 253 decarboxylase (PdaA), and they concluded that the absence of detectable ferulic acid 254 decarboxylase activity of the purified PdaA confirmed the existence of another phenolic 255 acid decarboxylase, which was able to decarboxylate ferulic acid and was induced by 256 ferulic acid only. However, later, the same authors reported that purified PadA appeared 257 to decarboxylate ferulic acid in vitro (Barthelmebs et al., 2000) and therefore, they 258 suggests that the PDC activity present in L. plantarum should be renamed PAD due to 259 its decarboxylase activity on p-coumaric, ferulic, and caffeic acids (Barthelmebs et al., 260
2001) 261
So far, the observed decarboxylation of p-coumaric, ferulic and caffeic acids 262 could be due to the activity of the PadA enzyme. However, purified PadA enzyme was 263 unable to decarboxylate m-coumaric acid (Cavin et al., 1997b) . We have observed m-264 coumaric acid degradation ( Fig. 2A, 2) , with the production of a degradation 265
intermediate showing a retention time of 28.8 min ( Fig. 2A, 2) and UV absorbance 266 maxima at 236/272 nm (Fig. 2B, 2) as determined by using a diode array detector. In 267 order to identify the compound obtained, LC-DAD/ESI-MS was applied to the sample. 268
The compound eluted at a retention time of 28. 
